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INTRODUCTION
Recent advances in chest computed tomograhy (CT) scan
screening have led to an increase in the detection of unex-
plained multiple pulmonary patchy infiltrate (1, 2). Various
kinds of diseases, such as infections, allergic diseases and mali-
gnancies, should be considered to be causes of unexplained
pulmonary infiltrate. Parasitic infection is one of these causes,
especially in combination with eosinophilia. A recent report
on toxocariasis in Korea presents that 32 of 141 toxocariasis
patients had pulmonary involvement (3). Toxocariasis is a
zoonosis caused by ascarids from dogs or cats, Toxocara canis
or Toxocara catis, in which animals they live as adults within
the lumen of the small intestine. Human infection is aber-
rant and usually asymptomatic, but can cause visceral larva
migrans to spread to specific target organs such as the liver,
lung, eye, and central nerve systems. Visceral larva migrans
may result in patients who present with fever, hepatospleno-
megaly, lower respiratory symptoms such as bronchospasm,
eosinophilia sometimes approaching 70%, and hypergam-
maglobulinemia of immunoglobulin M, G, and E.
Definitive diagnosis of visceral larva migrans in the lung
can be made by tissue biopsy, but this is difficult to perform
in the clinical setting. Therefore, the diagnosis of toxocaria-
sis is primarily reached immunologically. The enzyme-linked
immunosorbent assay (ELISA) using antigens secreted by
second stage larva is the best indirect test for diagnosing this
infection (4). The seroprevalence of toxocara is high in tropi-
cal areas and developing countries, but relatively low in devel-
oped countries. The seroprevalence among adult populations
is 2.4% in the U.S.A. and 4.0% in Switzerland, but 20.5%
in Brazil and 30.4% in Nigeria (5). The toxocara seropreva-
lence is closely related to the practice of eating raw liver (6).
The seroprevalence among Korean rural adults is reported
to be 5% (female: 6.1%, male: 4.0%) (7).
Toxocara larva migrans in lung is usually asymptomatic
or elicits only nonspecific mild symptoms, although it can
also cause pulmonary infiltrate due to a hypersensitive reac-
tion to larva. However, the prevalence and clinical impor-
tance of toxocariasis among patients with unexplained pul-
monary patchy infiltrate is unknown, and would be expect-
ed to vary along with the eating habits of the population.
Recently, many patients with unexplained pulmonary in-
filtrate have been referred to the Respiratory Center of Seoul
National University Bundang Hospital from among the total
patients screened by low dose chest CT scan at the Health
Care Promotion Center of Seoul National University Bun-
dang Hospital. Many of these patients displayed transient
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Toxocariasis is one of the causes of pulmonary eosinophilic infiltrate that is increas-
ing in Korea. This study was designed to identify the prevalence of toxocara seroposi-
tivity in patients with unexplained pulmonary patchy infiltrate and to evaluate asso-
ciated factors. We evaluated 102 patients with unexplained pulmonary patchy infil-
trate on chest computed tomography (CT) scan. As a control set, 116 subjects with
normal chest CT were also evaluated. History of allergic disease, drug use, para-
sitic disease and raw cow liver intake were taken. Blood eosinophil count and total
IgE level were measured. Specific serum IgG antibody to Toxocara canis larval
antigen and specific IgG antibodies to 4 other parasites were measured by enzyme-
linked immunosorbent assay (ELISA). In the infiltrate group, 66.7% subjects were
toxocara seropositive whereas 22.4% of the control group were seropositive (p<
0.001). In the infiltrate group, patients with a history of eating raw cow liver (odds
ratio [OR], 7.8) and patients with eosinophilia (OR, 5.2) had a higher incidence of
toxocara seropositivity. Thirty-five percent of toxocara seropositive patients with
infiltrate exhibited migrating infiltrate and 48% had decreased infiltrate on the fol-
low-up CT. We recommend that toxocara ELISA should be performed in patients
with unexplained pulmonary patchy infiltrate, and that the eating of raw cow liver
should be actively discouraged.
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or migratory infiltrate on follow-up chest CT scan that were
suggested to be of a transient immunologic or inflammato-
ry nature. Therefore, we designed this study to identify the
prevalence of toxocariasis in unexplained multiple pulmonary
patchy infiltrate and to evaluate the clinical and laboratory
factors associated with toxocariasis.
MATERIALS AND METHODS
Study subjects
This is a frequency-matched case-control study. From
January 2006 to February 2007, we prospectively enrolled
patients with unexplained pulmonary patchy infiltrate on
chest CT scan from the Health Promotion Center or the Res-
piratory Center of Seoul National University Bundang Hos-
pital. Unexplained pulmonary patchy infiltrate was defined
as single or multiple lung focal infiltrate without evidences
of infection, malignancy or any other known disease. The
enrolled patients were questioned as to whether they had
any specific respiratory symptoms, allergic symptoms or
signs, medication within the previous 6 months, and histo-
ry of ingesting raw cow liver, meat, or fresh water fish with-
in the previous year. Address of the enrolled subjects was
also recorded to provide information.
Complete blood cell counts with eosinophil count, stool
parasite exam, and other parasite ELISA tests for paragonimia-
sis, clonorchiasis, cysticercosis, and sparganosis, were evalu-
ated. If a certain disease was suspected, we performed specif-
ic examinations such as transthoracic biopsy, bronchoscopic
biopsy, bronchoalveolar lavage, and so on to rule out other
known diseases. Patients were reevaluated with high resolu-
tion CT (HRCT) scan after 3 months to observe any changes.
As a control group, we prospectively enrolled patients with
normal chest CT scan on routine check at Health Promotion
Center of Seoul National University Bundang Hospital. We
questioned them as to their history of allergic diseases, medi-
cations, parasite infection, and ingestion of any raw fish or
raw cow liver within the previous year. Complete blood cell
counts with eosinophil count and stool parasite exam were
evaluated. The sera of the enrolled patients in both groups
were collected and stored at -20℃until use.
This protocol was reviewed and approved by the Institu-
tional Review Board of Seoul National University Bundang
Hospital with informed consent. 
Diagnostic methods
Serologic diagnosis of toxocara infection was performed
with a specific IgG antibody to T. canis with a toxocara ELISA
kit (Bordier Affinity Products, Crissier, Switzerland). T. canis
excreatory/secretory larval antigens were coated on the mic-
rotiter plates with antihuman IgG-alkaline phosphate con-
jugate. Measurement was performed by the protocol and
seropositivity of toxocara was determined by positive crite-
ria of the kit.
Specific IgG antibodies to parasites (paragonimiasis, cys-
ticercosis, sparganum, and clonorchis) were analyzed at the
Department of Parasitology of Seoul National University
College of Medicine. Stool parasite exam was performed.
Statistical analysis 
We compared the age, sex, intake of raw cow liver, eosi-
nophil count, and toxocara seropositivity among the patients
with unexplained pulmonary infiltrate and those with nor-
mal chest CT scan by using the chi-square test or Fisher’s
exact test for categorical variables, and the Student t test or
Mann-Whitney test for continuous variables. Multivariable
analysis was also performed by using a logistic regression
model including toxocara seropositivity and other signifi-
cant variables in univariable analysis. Among the patients
with the pulmonary infiltrate, we compared the age, sex,
intake of raw cow liver, eosinophil count, and total IgE lev-
els according to toxocara seropositivity. We also performed
univariable and multivariable analysis to evaluate the risk
factors for toxocara seropositivity. A p value of less than 0.05
was regarded as statistically significant. The data were ana-
lyzed by SPSS version 12.0 K (SPSS inc., Chicago, IL, U.S.A.).
RESULTS
Demographic and baseline clinical characteristics 
A total of 102 patients with unexplained pulmonary patchy
infiltrate and 116 subjects without any infiltrate on chest CT
scan as control were included. Demographic and baseline
clinical characteristics of the patients are shown in Table 1.
In the infiltrate group, 15 patients were excluded. Two pati-
ents were diagnosed as paragonimiasis with positive ELISA,
eight patients were diagnosed as either atypical adenoma-
tous hyperplasia or bronchoalveolar carcinoma by transtho-
racic biopsy, one patient was diagnosed as pulmonary tuber-
culosis by positive AFB smear and culture, and four patients
were diagnosed as interstitial lung diseases by either transtho-
racic biopsy or bronchoscopic biopsy.
In the infiltrate group, patients with a history of intake of
raw liver comprised 89.8% and median eosinophil count was
449/μ L (interquartile range [IQR], 262-852). Five patients
were positive on ELISA to cysticercosis and six patients were
positive on ELISA to clonorchiasis. No patients had positive
stool parasite. Patients having any sign of respiratory symp-
toms comprised 23.7% in the infiltrate group. Sixty eight
patients had ground glass opacity (GGO), 14 nodules, 3 con-
solidations, and 17 mixed infiltrate on chest CT scan out of
the 102 subjects with infiltrate. In the control group, a his-42 Y.-S. Yoon, C.-H. Lee, Y.-A. Kang, et al.
tory of raw liver intake was relatively high (45%).
Seroprevalence of toxocara 
Sixty eight of 102 patients (66.7%) in the pulmonary infil-
trate group were toxocara seropositive, whereas 22.4% of the
control group were seropositive (p<0.001). Toxocara seropos-
itivity in the pulmonary infiltrate group was significantly
higher compared to the control group after adjustment for
eosinophilia (eosinophil count ≥500/μ L) (p<0.001) (Table 1).
Clinical characteristics and risk factor of toxocara
seropositivity in the infiltrate group
Clinical characteristics of the 68 toxocara positive patients
with pulmonary infiltrate and the 34 negative patients among
all of the patients with infiltrate are shown in Table 2. Periph-
eral eosinophil counts (median: 592, IQR 366-1,055 vs. 296,
IQR 147-440, p<0.001) and total IgE levels (median, 583,
IQR 193-1,965 vs. 135, IQR 44-331, p<0.001) were high-
er in the toxocara seropositive patients than in seronegative
patients. Patients who had ingested raw cow liver within 1
yr comprised a higher percentage of toxocara seropositive
patients (96% vs. 78%, p=0.013). The average duration bet-
ween intake of raw cow liver and sampling of serum was 6
months. No significant difference was observed according to
the intake of raw fresh fish (data not shown).
Multiple logistic regression analysis revealed that the his-
tory of eating raw cow liver (odds ratio [OR], 7.8, 95% con-
fidence interval [CI], 1.23-49.14, p=0.029) and eosinophilia
(OR, 5.2, 95% CI, 1.48-17.97, p=0.010) were independent
risk factors for toxocara seropositivity after adjustment for
the total IgE level, as shown in Table 3.
Clinical course and treatment
Follow-up CT scan was performed in 83 patients after 3
months. Pulmonary infiltrate were shown to have decreased
or disappeared in 48% (28 patients) migrated in 35% (20
patients), increased in 5% and remained unchanged in 12%
of 58 toxocara positive patients. Among 25 toxocara sero-
negative patients, pulmonary infiltrate was shown to have
decreased or disappeared in 60%, migrated in 8%, increased
in 0% and remained unchanged in 32%. Among the 68
toxocara, seropositive 7 patients were treated. All patients
had severe respiratory symptoms such as cough and dyspnea
and more than 10 percent of eosinophilia. Three patients
were treated with albendazole only and the other four were
treated with albendazole along with a steroid. All of them
had improved clinically and/or radiologically on follow-up
chest CT scan. Fig. 1 shows a typical example of radiologic
improvement in one of the patients treated with albenda-
zole. Untreated patients were followed up with HRCT scan.
Seroprevalence of toxocara in patients with eosinophilia
Among the 69 patients with eosinophilia, 52 patients were
toxocara seropositive and 17 patients were negative (p=0.013).
Table 3. Multivariable analysis of risk factors for toxocara sero-
positivity
IQR, interquartile range; NA, not available. OR, odds ratio.
Pulmonary
infiltrate
No infiltrate p value
Number 102 116
Median age, yr (range) 48 (22-75) 49 (22-78) 0.925
Male sex, n (%) 89 (87%) 111 (96%) 0.024
Symptom, n (%) 23 (23.7%) NA
Cough, sputum 12 NA
Chest pain 5 NA
Fever 1 NA
Intake of raw cow liver, n (%) 88 (89.8%) 52 (45%) <0.001
Intake of raw fresh fish, n (%) 15 (23.1%) 26 (22.2%) 0.167
Eosinophilia (>500/μ L), n (%) 69 (67.6%) 6 (5%) <0.001
Eosinophil count, median/  449 (262-852) 145 (83-226) <0.001
μ L (IQR)
Total IgE level (mean±SD), 1,330±3,140 NA
IU/mL
Positive MAST, n (%) 45 (74.2%) NA
Toxocara seropositivity, n (%) 68 (66.7%) 26 (22.4%)  <0.001
Table 1. Demographic and baseline clinical characteristics
GGO, ground glass opacity; IQR, interquartile range.
Positive  p value Negative 
Number 68 34
Median age, yr (range) 48 (28-75) 48.5 (22-70) 0.576
Male sex, n (%) 62 (91%) 27 (79%) 0.118
Respiratory symptom, n (%) 20 (29%) 3 (9%) 0.755
Rural residence, n (%) 10 (15%) 7 (20%) 0.574
Intake of raw cow liver, n (%) 63 (96%) 25 (78%) 0.013
Radiologic findings on CT scan 
GGO 40 28
Nodules 9 5
Consolidation 3 0
Mixed 16 1
Eosinophil count, median/ 592 (366-1,055) 296 (147-440) <0.001
μ L (IQR)
Eosinophilia (>500/μ L) 39 (67%) 5 (15%) <0.001
Total IgE level, median IU/ 583 (193-1,965) 135 (44-331) <0.001
mL (IQR)
Table 2. Differences according to toxocara seropositivity in the
pulmonary infiltrate group (N=102) 
OR p value
95% confidence
interval
Total IgE, IU/mL 1 1.000-1.001 0.186
Eosinophilia (>500/μ L) 5.2 1.481-17.964 0.010
Intake of raw cow liver 7.8 1.233-49.138 0.029Toxocariasis in Pulmonary Infiltrate in Korea 43
DISCUSSION
Toxocarial infection in humans can occur by the ingestion
of viable, embryonated eggs from contaminated soil or hands
(8, 9). Therefore, the seroprevalence of toxocara is high in
younger children and low in adults. The risk factors of toxo-
cariasis in children are local animal population, high preva-
lence of toxocara species in dogs and cats, soil contamination
by infective toxocara eggs, low socioeconomic condition, and
high frequency of pet ownership (10). However, a major risk
factor for toxocariasis in adults is the ingestion of viable eggs
from the uncooked internal organs or meat of parasitic hosts,
especially raw cow liver (5, 6, 11-13). Visceral larva migrans
to the liver, lung, eye and central nerve systems are largely
dependent upon the death of larvae. Their death occurs due
to both delayed and immediate hypersensitivity responses
and results in an eosinophilic granulomatous reaction and
pulmonary infiltrate in the lung (4). 
In present study, a positive result on ELISA for toxocara
was higher among patients with pulmonary infiltrate, com-
pared with people with normal findings on chest CT scan,
even after the adjustment for eosinophilia and intake of raw
Fig. 1. High-resolution CT scan findings before treatment and after treatment. The figures on the top (A and B) show multiple ground glass
opacities with peripheral halo in both lower lobes before treatment. The figures on the bottom (C and D) show the disappearance of ground
glass opacities 3 months after treatment with albendazole. The patient was a 53-yr-old man and ingested raw cow liver frequently.
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cow liver. 
We showed GGO, GGO combined with consolidation, or
GGO combined with nodules to be a common finding in the
multiple pulmonary patchy infiltrate. Kim et al. have report-
ed the most common finding on chest CT scan in patients
with toxocariasis to be randomly distributed GGO (3). Also
in toxocara seropositive patients, the peripheral eosinophil
count is reported to be higher than in seronegative patients.
This finding is correlated with the finding that toxocariasis
is one of the causes of pulmonary infiltrate with eosinophil-
ia (14).
In Korea, there are dietary habits that include eating of
raw meat, including raw animal liver, especially cow liver,
for the promotion of health, among adults. According to
the responses to our questionnaire, 88 of the 102 patients
with unexplained pulmonary infiltrate and 52 of 116 in the
control group had a history of intake of raw cow liver that
explained the relatively high seropositivity. This study shows
that intake of raw cow liver and eosinophilia are major pre-
dictors for toxocara seropositivity among patients with unex-
plained pulmonary patchy infiltrate. These results indicate
that physicians should consider testing for toxocariasis in
patients with unexplained pulmonary infiltrate and a histo-
ry of intake of raw cow liver, especially with peripheral blood
eosinophilia. 
Most toxocariasis is self-limiting, but the treatment of
choice is albendazole (10 mg/kg of body weight/day for 10-
14 days) and/or corticosteroids. In the present study, the pul-
monary infiltrate of patients (over 80%) with toxocara seropos-
itivity improved with or without treatment. This strongly
suggests that ELISA test for toxocariasis and follow-up chest
CT scan at 3 month intervals might reduce unnecessary diag-
nostic workups for unexplained pulmonary patchy infiltrate. 
There are limitations of this study which should be acknowl-
edged. First, it was difficult to identify the exact causal rela-
tionship between seropositivity of toxocara and pulmonary
toxocariasis. This problem is inevitable because the diagno-
sis of toxocariasis is dependent on an immunologic assay such
as ELISA. A definitive laboratory diagnosis of human toxo-
carial infection can be achieved by pathology examination
of involved organ specimens, including the liver, brain, lung
or enucleated eye. However, such a direct parasitologic assess-
ment is difficult because larva is mobile as well as invasive.
Therefore, serologic methods are the mainstay for the diag-
nosis. Although previous studies have been rare (15), ELISA
and eosinophil counts in bronchoscopic lavage fluid can be
helpful. Second, toxocara IgG detected with ELISA method
can persist several months after infection (16, 17). Therefore,
in this study history of raw cow liver intake was restricted
within previous one year. Third, the seroprevalence (22.4%)
in the control group is higher than the reported seropreva-
lence (5%) in rural districts of Korea in a previous study (7).
This difference could be explained by differences in the ELISA
kits and also the different populations. Both studies used tox-
ocara excretory-secretory antigen (TES). A previous study (7)
defined the seroprevalence of toxocariasis as a positive reac-
tion to a self-made ELISA kit against TES and a positive reac-
tion on immunoblot to toxocara in case of positive patients
with ELISA. However, the present study used the toxocara
ELISA kit from Bordier Affinity products (Crissier), which is
well standardized and has a reasonably high sensitivity (86%)
and specificity (91%) (18). In another study on the prevalence
of toxocariasis among patients with unknown eosinophilia
in Korea using the same ELISA kit as used in this study, 68%
of patients with unknown eosinophilia were diagnosed as
having toxocariasis (11). Although there was an epidemio-
logic study using this kit in developed countries (18), further
epidemiologic study using this kit is required in Korean pop-
ulation. Furthermore, the control group of this study specif-
ically included the adult patients receiving low-dose chest
CT scan for lung cancer screening in Seoul National Univer-
sity Bundang Hospital with a history of raw cow liver inges-
tion (45%). The male predominance of those who received
low dose chest CT scan for lung cancer screening would be
another likely factor, as men reportedly more frequently ingest
raw cow liver than women do. Seropositive subjects with
eosinophilia in control group may have toxocariasis without
lung involvement. 
In conclusion, the prevalence of toxocara seropositivity was
high in patients with unexplained pulmonary multiple patchy
infiltrate, and a strong relationship was found between tox-
ocara seropositivity and raw cow liver intake. We recommend
that toxocara ELISA should be performed in patients with
unexplained multiple pulmonary patchy infiltrate with periph-
eral blood eosinophilia and the eating of raw cow liver should
be actively discouraged.
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